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SYSTEM AND METHOD FOR TUNING TO AN IN-BAND CHANNEL AND FOR 
IDENTIFICATION VIA RETURN-PATH 

FIELD OF THE INVENTION 
The present invention relates to the field of initializing a set-top terminal of a 
5 cable communication system, and, in particular, relates to identifying an in-band channel 
frequency of the data over cable service interface specification ("DOCSIS"). 

BACKGROUND OF THE INVENTION 
Once an end-user subscribes to any of the variety of analog or digital cable 
services currently available, it is generally necessary for the user's set-top box or terminal 
10 to be set up or "initialized." Whether all or portions of such initialization are automated 
or performed by a service technician, the common denominator is that time must be 
expended to complete the initialization. 

The time and effort required for set up, of course, depends on the nature of the 
cable services involved. One aspect of initialization is the identification of the so-called 
15 "in-band" DOCSIS channel frequency, which, among other uses, synchronizes the clocks 
of the associated set-top terminals. The identification of such frequency may be 
especially time-consuming when the range of possible frequencies is large, as in many 
parts of Europe. 

Accordingly, it is desirable to reduce the time for setting up or initializing set-top 
20 terminals by optimizing transmissions between the set-top terminal and other logical 
components of the cable system. 

It is likewise desirable to reduce the time to identify the in-band DOCSIS channel 
frequency. 

DISCLOSURE OF INVENTION 
25 A cable system and related method involve using an out-of-band channel to 

identify to a set top box the in-band service channel frequency. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram showing exemplary components of a cable system 
according to the present invention; 

Fig. 2 is a data flow diagram illustrating communication paths of the cable system 
5 of Fig. 1 between a digital access controller ("DAC") and an advanced set- top box 
("ASTB"); 

Fig. 3 is a diagram illustrating transmissions between elements of the cable 

system of Figs. 1 and 2, including transmission of an in-band DOCSIS channel frequency 

information and registration via a return path; 
10 Fig. 4 is a block diagram showing the format of one of the transmissions of Fig. 3, 

namely, the reportback message for so-called "autodiscovery registration," according to 

the present invention; and 

Figs. 5 and 6 are diagrams similar to Fig. 3, showing transmissions for alternate 

initialization scenarios for ASTBs, including transmission of the in-band DOCSIS 
15 channel frequency information and the reportback message for "autodiscovery 

registration." 

DETAILED DESCRIPTION OF THE INVENTION 
In general terms, the present invention includes a system and method for use in a 
cable system, which involves transmitting the in-band DOCSIS channel frequency over 

20 an out-of-band frequency to the set-top terminal as part of its initialization. Although the 
present invention is described below with regard to DOCSIS, the present invention is 
generally applicable to other interfaces, such as a DAVIC (Digital Audio Visual Council) 
compatible interface, for example. Such transmission reduces the need to "sweep" the 
possible frequencies for such channel. The present invention also generally includes a 

25 system and method for transmitting the set-top terminal's identification information via a 
return path from the set -top terminal to the Cable Modem Termination System ("CMTS") 
and digital access controller ("DAC"). This return-path transmission is referred to as 
"autodiscovery registration." 
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Referring now to the drawings, and in particular to Fig. 1, an exemplary cable 
system 100 includes a first cable plant 102 and a second cable plant 104. Each cable 
plant 102, 104 includes a plurality of advanced set-top boxes ("ASTBs") 106, a plurality 
of cable modem termination systems ("CMTS") 107, and one or more associated out of 
5 band modulators ("OM") 108, 1 10. Dynamic IP addresses are assigned to the ASTBs 
106 using a dynamic host configuration protocol ("DHCP"). 

A digital access controller ("DAC") 1 12 controls the ASTBs 106 in the system 
100. The plurality of set-top boxes 106 receive out of band communications from the 
digital access controller DAC 1 12 via their corresponding out of band modulator OM 
10 108, 110. A billing system ("BS") 1 14 coupled to the DAC 112 includes a database 

identifying the ASTBs for billing customers and for initiating authorization of the ASTBs 
1 06 or set-top boxes. 

Fig. 2 is a data flow diagram 200 illustrating communication between the DAC 
1 12 and an ASTB 106. The ASTB 106 communicates to the DAC 1 12 using a DOCSIS 
15 return path via the CMTS 107. For out-of-band ("OOB") downstream messaging, the 
DAC 112 send messages to the OM 108 which the OM 108 out-of-band ("OOB") 
modulates and transmits to the ASTB 106. 

When a set top box ("ASTB") 106 is initially connected to a cable system 100, the 
ASTB 106 often does not have sufficient information about the configuration of the 
20 system 100. One component of such configuration is the DOCSIS return path. 

Parameters for communicating upstream over the DOCSIS return path may be provided 
on an in-band DOCSIS downstream channel. These communication parameters may 
include synchronization information to synchronize a plurality of set top boxes 106 to 
avoid collisions when trying to communicate upstream. Information needed to support 
25 the DOCSIS return path is generally obtained from the DOCSIS downstream in-band 

channel. Accordingly, the ASTB 106 needs to determine at what frequency the DOCSIS 
downstream in-band channel is located. 

When the DOCSIS in-band channel is located within a given frequency spectrum, 
the ASTB may scan the spectrum to determine the particular frequency and 
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communication parameters of the DOCSIS in-band channel. For a system using a 
standard ("STD") channel map, for example, the ASTB 106 generally starts at one 
frequency such as 61.25MHz and then scans successive frequencies in fixed increments 
(such as 6Mhz) until the DOCSIS in-band channel is located. 
5 Alternatively, for a system not using a particular channel map or when the 

channel map is unknown, the ASTB 106 is often required to scan a larger frequency 
spectrum, often at smaller frequency steps. For example, in some systems, the ASTB 106 
sweeps the spectrum of 100MHz to 800MHz at steps of 250kHz or 500 kHz to determine 
the downstream channel. Such sweeps are generally time-consuming, often requiring 

10 about 70 minutes. This delay in initialization of a set top box 106 is particularly 
undesirable if an installer of the set top box 106 must idly wait for the initialization 
procedure in order to complete installation. 

In contrast, the initialization procedure of the present invention, which includes 
identification of the DOCSIS in-band channel, is often reduced to several minutes by 

15 sending an out-of-band (OOB) message that includes the location of the frequency of the 
DOCSIS in-band channel. Otherwise stated, transmission of the DOCSIS in-band 
channel frequency according to the present invention reduces the scanning time or 
hunting time of the ASTB 106: The ASTB 106 only needs to identify the OOB channel, 
detect the DOCSIS in-band channel frequency being communicated OOB, and then use 

20 such in-band frequency to perform the DOCSIS initialization. The DOCSIS initialization 
includes synchronization of the clock of the ASTB and other ranging and power-leveling 
functions. In one version of the present invention, the DOCSIS in-band channel 
frequency is identified by the ASTB 106 in 3 to 4 minutes. 

The set top box may include pre-stored information identifying one or more 

25 possible frequencies of the OOB channel. Alternatively, or if the OOB channel is not at 
one of the pre-stored frequencies, the ASTB can search or hunt through a range of 
possible OOB frequencies. For example, when the OOB channel is at a frequency 
between 70MHz and 130 MHz, the ASTB can step through the range of frequencies to 
locate the OOB channel. 
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Although the ASTB 1 06 may still need to search for the OOB channel, there is a 
significant savings in time over searching for the in-band DOCSIS channel because OOB 
channels are usually bandwidth limited. In addition, in contrast to the in-band DOCSIS 
channel, the OOB channel has fewer parameters needed by the ASTB 106 to lock into the 
5 OOB channel. For example, for an OOB channel, data may be communicated using 

quadrature phase shift keying ("QPSK") with a fixed symbol rate. The in-band DOCSIS 
channel, on the other hand, may have several additional communication parameters that 
the ASTB 106 must process before achieving the required lock. For instance, the ASTB 
106 may tune into the correct in-band DOCSIS channel frequency, but at the wrong 

1 0 symbol rate, and thereby not lock. 

The system and method of identifying the DOCSIS in-band channel frequency by 
means of OOB transmissions has application in a variety of cable systems, and in a 
variety of initialization scenarios. One initialization scenario is diagrammed in Fig. 3, in 
which the ASTB 106 has been staged by downloading the application and operating 

15 system software and enabling the ASTB 106 for DOCSIS functionality. The top row 
shows the devices in the system 100 and the right column denotes time. At time tl, an 
ASTB 106 is installed and receives a trace and route message (trace_route_message) 302 
from the DAC 112. The DAC 1 12 transmits a trace and route message via the OM 108 to 
the ASTB 106. The trace and route message 302 is an out-of-band transmission to the 

20 ASTB 1 06 which includes the in-band DOCSIS channel frequency as discussed above. 
The DAC 112 may continuously transmit the trace and route message 302 for initializing 
set top boxes 106 as they are installed. The ASTB 106 then decodes the in-band 
DOCSIS channel parameters from the trace and route message 302. 
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Table 1 below illustrates exemplary relevant 
portions of a trace_route_message 302.Table 

_L 

trace_route () { 

DOCSIS_Downstream_param_config 
oob_id 
If 

(DOCSIS_Downstream_param_config) 
{ 

In-band_frequency 

Symbolrate 

Modulation 

FEC_outer 

FEC_inner 

DACdomainnamelength 

DACdomainname 

UDPjport 

The exemplary trace_route_message 302 includes parameters, as designated in 

bold text in table 1, to enable the ASTB 106 to tune to an in-band DOCSIS channel. The 

DOCSIS_Downstream_param_config field in the trace_route_message 302 is a flag 

5 which indicates to the set top box 106 whether the DOCSIS communication information 

is included in the message. The ASTB filters the OOB channel for a 

trace_route_message having the DOCSIS_Downstream_param_config flag set, which 

indicates that the trace-route message includes the following communication information: 

In-band_frequency 
10 Symbol_rate 
Modulation 
FEC_outer 
FEC_inner 

DAC_domain_name_length 
15 DAC_domain_name 

UDP_port (to talk back to DAC). 

Once the ASTB 106 has decoded the above parameters, the ASTB 106 then has 
the necessary information to lock into the in-band DOCSIS channel and then begins 
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DOCSIS initialization 304 at time t2 in Fig. 3. The ASTB 106 preferably includes a 
display to inform the installer of the ASTB 106 of the progress of the installation. After 
DOCSIS installation 304 at time t2, the display is updated. 

Between times t2 and t3, the installer calls 306 the billing system BS 1 14 and 
5 requests authorization. The BS 1 14 sends 308 an authorization and initialization 

command to the DAC 112 to allow the DAC 1 12 to authorize initialization of the ASTB 
106. 

At time t3, after DOCSIS initialization has completed, the ASTB 106 generates an 
Auto Discovery or reportback message which it transmits 310 upstream to CMTS 107 

10 which forwards 312 the Auto Discovery message to the DAC 1 12. It is generally 

necessary or desirable for the digital access controller DAC 1 12 to know the location of a 
particular ASTB 106 within the cable system 100. The identification of such location is 
accomplished by using the DOCSIS (Data Over Cable Service Interface Specification) 
return path. The reportback message identifies to the DAC 112 where the ASTB 106 is 

15 within the system 100 and how it may communicate with the ASTB 106. The reportback 
message is transmitted to the DAC 112 via the CMTS 107 in a User Datagram Protocol 
("UDP") datagram. 

The generation of the UDP datagram is described with reference to Fig. 4. The 
ASTB 106 user processor firmware builds a reportback DOCSIS reportback cell 406 by 
20 appending a reportback transport packet length 408 to a reportback transport packet 404. 
The reportback transport packet length 408 is the total length of reportback transport 
packet. 

The DOCSIS reportback ceils 406 are then assembled into a DOCSIS UDP 
reportback datagram 410. The reportback address 414 is used by the DAC 1 12 to match 
25 incoming messages to the sent poll messages. The Unit Address 416 is a unique 

identifier of each ASTB 106. The OOB ID 418 which was obtained from the trace and 
route message (see table 1) identifies the IP address of the OOB channel that ASTB 106 
is listening to. The CMTS MAC Address 420 identifies a CMTS line card MAC address 
for determining where the ASTB 106 is located in the system 100. The current UDP 
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Packet number 422 indicates the current UDP packet for a poll message. The total UDP 
packet number 424 indicates the last UDP packet for this poll message. 

The DOCSIS UDP reportback datagram 410 is then encapsulated into a UDP 
datagram 426 using the DAC host name, Domain name and port number received from 
5 the trace and route message (see table 1) during initialization to determine the DAC IP 
address. Thus, the reportback message sent to the DAC 1 12 at time t3 includes 
identification information of the sending ASTB 106 which uniquely identifies the 
location of the ASTB 106 in the system 100. 

Returning to Fig. 3, assuming authorization 308 is received from BS 1 14, the 
10 DAC 112 forwards 314 initialization and configuration messages to the OM which 
modulates these messages and transmits 316 them to the ASTB 106. A time t4, the 
ASTB 106 receives these messages and updates its display. 

The DAC 112 then verifies that the ASTB 106 received the initialization and 
configuration messages by sending a Poll Command message 318 at t5 to the ASTB 106. 
15 The Poll Command message requests the ASTB 106 to confirm receipt of the previous 
message. At time t6 the ASTB 106 responds 320 and the DAC 1 12 sends an 
acknowledgement 322 at time XI. The DAC 1 12 then informs the BS 1 14 of successful 
initialization and the BS 114 informs the installer. 

Fig. 5 is a flow chart 500 similar to flow chart 300 in Fig. 3, but for the alternate 
20 case where the installation is performed by an end-user rather than an installer. For 
example, an end-user may purchase the ASTB 106 from a retail store and then take it 
home and connect it to the cable system 100. The purchase from the retail store may 
automatically cause a signal to the BS 1 14 to authorize the ASTB 106. The BS 1 14 can 
then authorize 502 the DAC 1 12 to initialize the ASTB 106. The remaining steps in Fig. 
25 5 are similar to those in Fig. 3. 

The flow chart 600 of Fig. 6 covers another alternate scenario, in which the ASTB 
106 does not include application software and is not authorized to use DOCSIS. The 
ASTB 106 first needs to get DOCSIS authorization, then download code, then proceed 
with initialization. Thus, code download is performed at the time of installation. At time 
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tl, the installer calls the BS 1 14 at step 602, and requests authorization; the ASTB 106 
receives the trace and route message 604. At time t2, the BS 1 14 authorizes the DAC 
1 12 to initialize the ASTB 106 and the DAC 1 12 then broadcasts application and 
operating system code on all OMs 108, 1 10 for the ASTB 106. DOCSIS initialization 
5 and Auto Discovery then proceeds similarly to the procedure described above with regard 
to Fig. 3. 

Although illustrated and described above with reference to certain specific 
embodiments, the present invention is nevertheless not intended to be limited to the 
details shown. Rather, those of skill in the art will recognize various modifications in 
1 0 details within the scope and range of equivalents of the principles of the present 
invention. All such modifications are encompassed by the present invention. 
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